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(54) Apparatus for measuring volumes and global and segmental corporal composition in human 
beings 



(57) Apparatus and procedure for measuring vol- 
umes and global and segmental corporal composition 
in human beings, by means of measuring the electrical 
impedance at various frequencies, determining in this 
manner, the ratio between the intracellular water and the 
extracellular water volumes, the contents of total and ex- 



tracellular water in each segment and the contents of 
the segmental lean mass. The apparatus is made up of 
a computer (11) which controls an electronic box (12), 
fed through a feeding source (14), various electrodes 
(1 3) coming out from said electronic box (12) which are 
placed on the body under research. 
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Description 

The present invention refers to an apparatus and a 
procedure for measuring volumes and global and seg- 
mental corporal composition, such as the ratio between 
intracellular and extracellular water, as well as the ratio 
between lean mass and fatty mass in human beings. 

The measuring equipments currently in existence 
in the Market, do not offer regional or segmental meas- 
urements of the human body, thus enormously limiting 
the information obtained. 

Spanish Patent Application ES 9300378 describes 
a procedure for the determination of the composition of 
substances of fleshy nature by means of impedance 
measurements, but which only uses two measurements 
determining from them, a value related to the ratio be- 
tween intracellular water and extracellular water and in 
consequence, the errors obtained are great. Additional- 
ly, said procedure is not capable of extracting any Infor- 
mation on the composition of fat in the flesh studied, 

A multitude of equations exist which relate the vol- 
ume content and the corporal composition, all of which 
introduce errors which may become important and pre- 
vent the measurement of significant changes in the 
body, both in volume and in composition, If used with a 
very reduced number of experimental data, as happens 
in the procedure described In document ES 9300378. 

Consequently, the object of the present invention is 
to provide a procedure and a measuring apparatus 
which determine in a more reliable manner, the global 
and segmental corporal composition, especially the ra- 
tios between the volumes of intracellular water and ex- 
tracellular water, as well as the ratio between fatty mass 
and lean mass of the body under research. 

This task is solved by means of the procedure and 
the apparatus of the present invention, which permits 
the measurement of the volume and the corporal com- 
position, both globally and segmentally, by means of a 
series of measurements of the electrical impedance at 
various frequencies, at least four, in the range of 1 kHz 
to 1 MHz. With the values obtained, first a parameter K 
is calculated, given by the quotient between the imped- 
ance module Z(BF) at a low frequency, between 1 kHz 
and 50 kHz, and the impedance module Z(AF) at a fre- 
quency between 100 kHz and 1 MHz. which serves as 
an estimation of the ratio between the volumes of intra- 
cellular water and extracellular water. This value is in- 
dependent from the contour conditions of the measure- 
ment. The experimental values are herewith adjusted, 
both at global level and at segmental level with the func- 
tion: 



Z(f)=R* 
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by means of the least squares from which the adjust- 
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ment parameters Rq, f^ and a are determined, which 
represent the resistance at infinite frequency, the resist- 
ance at zero frequency, the frequency at which the max- 
imum of lm(Z) occurs and the dispersion of the cells size 
of the biological system, respectively. Partingfrom these 
adjustment parameters the following values are calcu- 
lated: 

a) E, defined by : 



E(%) = 



R^- R 



Which reflects the ratio between the volumes of in- 
tracellular water and extracelllar water; 
b) the total water content of a segment iiTeWg^g.^). 
given by: 



~seg.i 



Real[Z(or.)j 



and the content of a segment I in extracellular water 
(ECWg^g which is determined by: 



gj real[ZOOKHz}] 



h being the height of the body in cm, Kj^yj^ a pro- 
portionality constant for the total water (TBW) and 
Kecw proportionality constant for the extracellular 
water, ko-revvsegj ^^e independent term of segment 

1, kOfcwseg.i 'sfor extracellular water (ECW) for seg- 
ment i, Lggg j and L's^g j geometric terms to be de- 
termined for each segment; corresponding the real 
value [Z(oo)] at the real value of an impedance over 
100 kHz and less at 1 MHz for segment i, but pref- 
erably at Roo, and the real value [Z(10 kHz)] at the 
real value of an impedance over 10 kHz and below 
50 kHz for segment i. but preferably at Rq; 

The obtention of the coefficients is conducted as fol- 
lows: 

1 having a stadislically significant sample of sub- 
jects, the volumes of the total and the global and 
segmental extracellular water are measured by 
means of different methods to those presented in 
this patent. 

2. - adjusting by lineal regression of least squares 
between the total and extracellular global volumes 
and the ratios: 
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respectively, (where Z is the right side impedance, 
that is to say, that of the right arm and leg plus that 
of the trunk measure in series at one time) slopes 
Kecw KjBw respectively obtained. 
3.- adjusting by lineal regression of the least 
squares among the ratio: 



a/ 



K 



TBW 



Re[ZMj 

(where Z is segmental) and the segmental total wa- 
ter measured, a slope L^^^^^ is obtained for each i 
segment, and an independent term koygy^ j for 
each segment. 

4.- adjusting by lineal regression of least squares 
between the ratio: 



Re[Z(0)] 



(where Z is segmental) and the segmental extracel- 
lular water measured with another method, a slope 
is obtained for each segment i and an independ- 
ent term kogcw-seg i ©ach segment i 
5. 

placed by 



next an extracellular water formula L^seg.i re- 



seg.l' 



L'seg i and L^egj 'Hclude geometric information with- 
in the determination formulas of volumes. 

c) the contents of segment I in intracellular water 
which Is determined by means of the subtraction of 
ECW3eg.|fromTBW3eg.i 

d) of the total and extracellular water at global level 
which is determined by the sum of the respective 
values of segments I 

e) the segmental or regional lean mass content 
MMgeg^ and the global by means of equation. 

SGQ i 

N and M being terms which are introduced form the 
lineal regression between relation 



segj 



Re[ZM] 



and the average lean mass value by means of an 
alternative method and which shall depend on the 

type of human race, and D^, 
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a geometric pa- 
rameter of segment I, obtaining the global value of 



eq.seg. 



the amount of lean mass and the sum of all the 
MM^egj values and the global fatty mass of the dif- 
ference between the weight of the human body 
studied and the weight of the amount of global lean 
matter. 

Additionally the task of this invention is solved be- 
cause the previously described procedure Is conducted 
by means of a measuring apparatus which consists of 
a rear connection board (backplane) which intercon- 
nects four boards and an electric source, said boards 
consisting of a signal generator board which generates 
two or more selectionabfe frequencies as well as refer- 
ence signals for the demodulation, in an interface board 
with the user who converts the tension signals generat- 
ed into current, into a board for signal detection (signal 
detection board) which is made up of a differential am- 
plifier and a gain amplifier with selectionable gain by 
means of software, into an A/D obtention board which 
is provided with a A/D converter of preferably 16 bits lor 
sampling for data obtention. 

The electrical source Is connected to the body un- 
der study by means of a multiplexor which permits any 
electrode couple to be connected to the said source, 
connecting each one of the electrodes to an in-put buffer 
whilst each one of their out-puts is connected to a mul- 
tiplexor circuit. This multiplexor feeds a differential am- 
plifier, by means of shielded coaxial cables. The control 
of the system Is conducted by means of a microcontrol- 
ler. 

The procedure and the apparatus of the present in- 
vention Is herewith described by means of an embodi- 
ment example, with the help of the drawings in which: 

Figure 1 shows a spectrum of the electrical imped- 
ance module based on frequency f ; 
Figure 2 shows a schematic diagram of connections 
corresponding to the electrical constelatlon of a 
body 

Figure 3 shows two spectra of the complex imped- 
ance based on the frequency. 
Figure 4 shows an embodiment example of the 
measuring apparatus according to the invention. 
Figure 5 shows the block diagram of the apparatus 
of figure 4. 

Figure 6 shows the Interconnections between the 
diverse boards, and 

Figure 7 shows the zones of the body in which the 
electrodes are placed. 

The apparatus and the procedure, which are the ob- 
ject of the invention, are based on the study of a physical 
phenomenon which is denominated relaxation in the 
electrical impedance signal. This phenomenon is ex- 
plained in total detail by K.Forster and H.Schwan, "Di^e- 
lectrk: Properties of Tissues and Biotoglcal Materials: A 
Crucial Review" in Critical Reviews in Biomedical Engi- 
neering, volume 17. part 1 (1989). This relaxation con- 
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sist of a fall in the electrical impedance value with the 
electrical signal frequency used to measure the same 
in any medium whatsoever. The electrical impedance of 
a medium is broken up into a real part and another im- 
aginary part. The real part is what is commonly known 
as electric resistance and the imaginary part, in the case 
of biological tissues, corresponds to the electric capacity 
ot the medium in question. The relaxation phenomenon 
has its explanation in the absorption of electromagnetic 
energy. A simple electric model is accepted by convic- 
tion where the capacitance character of the cellular 
membrane produces said absorption of energy (figure 
2). The resistance of the extracellular medium is mod- 
elled by a resistance and the intracellular medium 
resistance Is modelled by another Rj resistance. The ca- 
pacity ot the cellular membrane is modelled by a C ca- 
pacitor When the Z eleclric impedance is measured 
based on the t frequency in a circuit such as the one 
presented in figure 2. a graph Is obtained such as the 
one presented in figure 1 . If the injected signal is of high 
frequency, an electric impedance is obtained which is 
equal to the parallel of the two resistances of the circuit 
and it it is of low frequency, it is equal to the extracellular 
Rg resistance. 

The frequency at which the fall of the impedance Is 
presented depends on the type of cell as an average of 
the measured biological system. The animal cells, for 
example, have a relaxation frequency below that of bac- 
teria. In consequence, the measurement of the electric 
impedance at various frequencies by the apparatus of 
the present invention permits a determination of the type 
of average cell existing in the human body or region of 
the latter which is being measured. 

Figure 3 presents a form of representing the imped- 
ance of a biological system (a curve corresponds to a 
segment and the other to the impedance of the right 
hand side), that is to say. the imaginary part of the im- 
pedance based on the real part. In said drawing, the im- 
pedance of a biological system can be seen to draw a 
flat half-circumference. This graph is well known and is 
denominated Cole-cole graph. The cut frequency may 
be seen as the point where the complex part of the im- 
pedance presents the highest value. The flattening of 
the half-circumference is related to a parameter called 
a. Other two parameters are Rq and R«» and obtains the 
value of the real part ot the impedance in direct current 
and at very high frequency (over 1 MHz) by means of 
the extrapolation of the adjustment without requiring to 
measure it. That is to say, four parameters are available 
which describe the human body or region of the latter 
which is measured: resistance in direct current Rq, re- 
sistance at very high frequency Roo, cut frequency F^. 
and flattening value of the half-circumference a. 

In the procedure of the present invention, the com- 
position of the researched body is obtained, parting from 
said 4 parameters. 

1) Measurement of the electrical impedance with a 



frequency scan of 1 kHz at 10 MHz to obtain the 
graph of figure 1 . Four measuring points in the said 
range is the minimum number of measurements re- 
quired for reproducing the curves of figures 1 and 
s 3. The measurement is conducted by injecting an 
electric current of determined frequency through 
two electrodes connected to the skin and measur- 
ing the fall of the current tension applied through the 
other two electrodes, also connected to the skin. 
10 This is the base of the impedance measurement at 
four wires which is very resistant to the influence of 
the electrode impedance. This measurement of im- 
pedance is conducted with currents of various fre- 
quencies until a minimum of 4 points of frequency 
15 are obtained in the range of 1 kHz to 1 MHz and this 
is repeated for each segment i. 

2) On the body, 11 electrodes may be placed with 
the apparatus which is the object of the invention. 
Grouping said electrodes in 4's, up to 7 segments 
or human regions are obtained. The distribution of 
regions which are given in default in the measuring 
apparatus is the result of placing the 11 electrodes 
according to figure 7. This placement of electrodes 
permits the measurement of the impedance at var- 
ious frequencies according to the process of point 
1 for the following segments: head and neck, right 
arm, left arm. thorax, abdomen, right leg and left leg. 
Other distributions of regions is possible and it only 
requires the distribution in 4's of the 11 electrodes 
until 7 segments are made. The measuring appa- 
ratus permits the selection of injecting electrodes 
and tensiometers. This permits any type of elec- 
trode to be Injector or measurer. 

3) Obtention of an assembly of experimental data 
on electrical impedance at frequencies ot 1 kHz to 
1 MHz , regional and global of the human body. 

Parting from this point, the procedure, according to 
the present invention, processes this assembly of data 
in different ways to obtain a set of information which will 
permit to know the volumes and corporal composition 
of the human body measured. 

The first stage of the procedure is the obtention of 
parameter K. It is a first simple calculation to be con- 
ducted by the meeasurer to permit the ratio between the 
total water and the extracellular water volumes in the 
body being studied and is conducted as follows: 

1) K is obtained by the quotient of an impedance 
value at low frequency (between 1 kHz and 50 kHz) 
and one at high frequency (over 100 kHz up to 1 
MHz): 

^_ \Z(BF)\ 
\Z(AF)\ 

where IZ(AF)I and IZ(BF)I are the values of the 
module of the electrical impedance at high and low 
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frequency respectively 

2) This ratio is associated to the ratio of volumes of 
the extracellular water of the total water of the body. 
This ratio is conducted both at global and at seg- 
mental level. 

The second stage corresponds to a more complete 
study of the obtained data. This study consists of the 
adjustment of the Cole-cole nrxDdel to the data by means 
of the following steps: 

1) The electrical impedance measurements result- 
ing from the scanning in frequency (at least four 
measurements of 1 kHz to 1 MHz) and at global and 
segmental level are adjusted by the function: 



1 + 



by means of an adjustment of least squares. This 
function simulates the dependence of the electrical 
impedance (Z) as regards frequency f. The adjust- 
ment parameters Rq and Roo are the resistances 
which present the medium in direct current and at 
very high frequency respectively, f^ is the frequency 
at which the maximum of the imaginary part is pro- 
duced and depends on the type of cell measured in 
the biological system; and a is a parameter which 
is related to the dispersion of dimensions of the cells 
of the measured biological system. The expression 
of this point 1 reproduces the curve of figure 3 which 
would be obtained if a great amount of points were 
measured. 

2) Parting from the first two adjustment parameters 
found (Rq and R«) we obtain a value called E which 
gives the relation between the intracellular water 
and the extracellular water volumes: 



E(%): 



The impedance measured may be modelled as the 
previously described circuit which is presented in figure 

2. The ratios between the parameters of circuit (R^ and 
R|) with thai of the mathematical model are as follows: 
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a) Ratios of E, which give an idea of the ratio 
between volumes of extracellular and intracel- 
lular water. 

b) Cut frequency (f^), and 

c) flattening of the curve presented in figure 3 

The third stage will offer information on the corporal 
volumes and will permit the studying of its changes. This 
procedure uses the impedance at 1 0 Khz and at a great- 
er frequency than 100 kHz or else parameters Rq and 
Roo obtained by the previous stage. The steps to be fol- 
lowed are : 

1) The necessary values are parameters Rq and 
Roo. These parameters are introduced in the follow- 
ing formulas to determine the volume of total water 
and extracellular water: 



2 

segj 



reai[Z(<^)] 



^^^segj - ^^ECWSegJ + real[Z(1 OkHz)] 



where TBW^gg j is the content of segment i in total 
water and ECWg^g j the content of segment i in ex- 
tracellular water, H is the height of the body in cm, 
KxBw *s proportionality constant for the total water 
(TBW) and Kgcw ^^e extracellular water, ko,-. 
BWseg.i independent term for the total water 

equation (TBW) of segment i, and kogcwseg.i 
extracellular water (ECW) of segment i. L^^gj and 
Lgeg i are geometric terms to be determined for 
each segment i. The obtention of the coefficients is 
conducted in the following manner: 

a) with a stadistically significant sample of sub- 
jects, the volumes of total and global and seg- 
mental extracellular water are measured by 
means of methods other than those which are 
presented in this Patent. 

b) Adjusting by lineal regression of least 
squares between the total and extracellular glo- 
bal volumes and the ratios: 



a/ 



Re[Z(0)] 



3) The series of parameters obtained from the ad- 
justment are associated to characteristics of com- 
position of the body at global and segmental level: 



55 
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RelZM] 
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respectively, where Z is the right hand side im- 
pedance, that is to say, that of the right arm and 
leg plus that of the trunk, the slopes K^cw and 
Ktbw a''® respectively obtained, 
c) adjusting by lineal regression of the least 
squares between the ratios; 



TBW 



Re[RM] 



(where Z is segmental) and the segmental total 
water measured, a slope L^^^g j is obtained for 
each segment i ; and an independent term 
*^^BW.seg i each segmenti ; 
d) adjusting by lineal regression of the least 
squares between the ratios: 



Re[Z(0)] 

(where Z is segmental) and the segmental ex 
tracellular water measured by means of anoth 
er method, a slope is obtained for each seg 
ment i and an independent term ko^Qyv j f or 
each segment i. 

e) a change is conducted on formula L%^^ j of 
extracellular water by 
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L'^segjancl L segj include geometric information 
within the formulas for volume determination. 3S 

These equations provide the value of the 
total water and of the extracellular water for 
segment i. The real value [Z(oo)] corresponds to 
R«« or to the real value of an impedance over 1 00 
kHz and below 1 MHz for segment i; and the 40 
real value [Z(10kHz)) corresponds to Rq or to 
the real value of a superior impedance at 10 
kHZ and below 50 kHz for segment i. 

Parameters K^bw. Kecw= ko^eg i. ^o^g^ 
depend on the race the human body belongs to 4S 
and are adjusted by means of calibration. Val- 
ues kOg^g |, kOg^gj additionally depend on the 
segment in question. Values L^^ and L*^^ pro- 
vide geometric information of the segment in 
question. so 

2) The values of the total water and of the extracel- 
lular water are obtained according to the given for- 
mulas. The segments in question may be, for ex- 
ample; head and neck, thorax, abdomen, legs and ss 
arms, and are obtained with the distribution of elec- 
trodes (0 to 1 0) of figure 7. For other segments, new 
values of kOgegj. kOgegj and L^^ shall be adjusted. 



The values of the intracellular water volume is ob- 
tained from the subtraction of the volume of extra- 
cellular water of the total water volume. 
3) The value of the volume of total and extracellular 
water for all the body, that is to say. at global level, 
is calculated as the sum of all the segments i men- 
tioned in point 4 (for example, head and neck, righ; 
leg, left leg, thorax, abdomen, right arm and left 
arm). The global values may also be obtained using 
the RSI (Right Side Impedance (impedance of the 
right side) which is constituted by the right leg and 
arm plus trunk, as if it were a segment, conveniently 
considering the specific parameters of the formula 
for this segment. Said impedance of the right side 
is extensively described in: Kushner R.F., and Sch- 
oeller D. A., "Estimation of Total Body Water by Bio- 
electrical Impedance Analysis", Am. J.Clin. Nutr. 
44. 417-424 (1986). The global value pi the intrac- 
ellular water volume is obtained by the substraction 
of the extracellular water volume from the total wa- 
ter volume. 

The global values of the water volume calculated 
according to the third stage produce according to the 
same, much more exact values than those using the RSI 
according to the formulas In compliance with the state 
of the art. 

The fourth stage to be conducted provides informa- 
tion on the content of the lean mass both segmental and 
global. Said stage follows the next steps: 

1) Using the resistance value at high frequency 
(equal or over 100 kHz) for the obtention of the 
amount of fat which is presented according to the 
following expression: 



f^^seg i ~ ^^^^ Mass : 



Re[ZM} 



N and M being terms which are introudced from the 
lineal regression between the ratio. 



'eq.segj 



Re[ZM} 



and the value of lean mass measured by means of 
an alternative method and which depends on the 
type of human race, and D^^^ j, a geometric pa- 
rameter of segment i. obtaining the global value of 
the amount of lean mass from the sum of all the 
MMggg j and the amount of global fatty mass of the 
difference between the weight of the human body 
studied and the weight of the amount of global lean 
matter. 

2) The value of the amount of global lean matter of 
the body shall be obtained from the sum of all the 
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amount of segmental or regional lean matter. 
3) The value of the amount of global fat shall be ob- 
tained by substracting from the weight of the human 
body studied, the amounl of global lean matter ob- 
tained by the sum of alt the amount of segmental 
lean matter. 

All the stages may also be used for measuring the 
quantity of segmental lean matter from any region which 
is defined outside those previously indicated (head and 
neck, right leg, left leg, right arm, left arm, thorax and 
abdomen). Using only two pairs of electrodes from the 
system, any anatomical region of measurement may be 
defined. 

These four stages use the electrical impedance val- 
ues, both real part and imaginary part, measured within 
a frequency range between 1 kHz and 1 MHz. 

The apparatus which is also th object of this Inven- 
tion, is a measuring apparatus of electrical impedance 
at various frequencies. This impedance measuring 
aparatus measures both the real part and the imaginary 
part at eight frequencies selected by the user. These 
eight frequencies may go from 1 kHz to 1 MHz. The 
measuring apparatus is made up of a computer (11) 
which controls an electronic box (12), fed through the 
feeding source (14) coming out from said electronic box 
(12), In a preferred manner, eleven electrodes (13) 
which are placed, for example, as shown in figure 7. Fig- 
ure 4 presents the concept of the system. 

As may be observed in figure 7, four electrodes (2, 
3. 9, 10) are placed at the ends of the forearm, four at 
the ends of the legs (5, 6, 7, 8). two (0, 1 ) on the forehead 
and one (4) on the point of the breastbone. These elec- 
trodes are used as injectors and/or detectors for meas- 
uring all the segments which make up the body and 
which have been previously indicated. Other combina- 
tions of electrodes may be chosen to create other re- 
gions which shall not necessarily be such, that will give, 
after summing them up. the totality of the human body 

The measuring apparatus which is the object of the 
present Invention, is designed according to a block dia- 
gram such as the one presented in figure 5. The appa- 
ratus is formed by a rear connection board, (backplane) 
(15) which interconnects tour boards (16. 17, 18, 19) 
and an electric source (20). The board (16) of the gen- 
erator for the signal (signal generator) generates two se- 
lected frequencies and reference signals for demodula- 
tion. The board (17) for interface with the user (patient 
interface) converts the generated tension signals into 
current, the board (18) for detection of the signal is made 
up of a differential amplifier and gain amplifier with se- 
lected gains via software. Then, the signal Is demodu- 
lated, using four analogical multipliers and four integra- 
tors, the board (19) for A/D obtention is provided with 
an A/D convertor of preferably 16 bits for sampling, for 
the obtention of data. 

The control of the system is conducted by a micro- 
controller. The microcontroller sends orders to the other 



boards of the system. 

The electrical source (20) is connected to the body 
under study through a multiplexor which permits any 
pair of electrodes to connect to the said source. Each 
5 one of the eleven electrodes (0 to 10) are connected to 
an in-put buffer using shielded coaxial cables (21 ). Each 
out-put of the buffer Is connected to a multiplexor circuit 
which feeds a differential amplifier. Five buffers ^are 
available plus those to which internal calibration imped- 
10 ances are connected. 

The interconnections between the board (19) for A/ 
D obtention, the board (18) for signal detection, the 
board (1 6) of the signal generator and the front end (17) 
are presented in figure 6. 

With this measurer and the procedure previously 
presented: a highly reliable tool is available for the 
measurement of the amount of fluids and corporal com- 
position. 

Adding an accelerometer to this measurer which is 
the object of the invention, another additional applica- 
tion may be conducted for the use of the electrical im- 
pedance to various frequencies for the follow-up of fluid 
displacement in the human body. This application con- 
sists of the follow-up of corporal fluid displacements in 
a human being when subjected to different accelera- 
tions other than those accelerations produced by theter- 
restial gravitational fields. In consequence, the following 
measuring apparatus is proposed as additional object 
of the invention This systemm consists of an apparatus 
such as the one previously presented with an incorpo- 
rated accelerometer. The electrical impedance and the 
acceleration measurements are synchronized. The 
electrodes may be reduced in this case to those which 
offer the following segments: head and neck, right or left 
leg, right or left arm, thorax and abdomen. The elec- 
trodes are reduced in the latter case to 7 which is ac- 
cording to the numbering of figure 7: (0, 1, 4, 2) and (3) 
(or 9 and 10), (5) and (6) (or 7 and 8). The reduction of 
electrodes may be assumed considering that the chang- 
es shall be symetrical in the human body under study. 

This latter apparatus, fruit of the extension of the 
first presented, is a tool of great utility for the follow-up 
of the movement of fluids between the corporal regions 
during centrifuge pilot training and during military flights, 
for the control of anti-g suits. 



Claims 

1. Procedure for the measuring of volumes and global 
and segmental corporal composition In human be- 
ings, by means of measuring the electrical imped- 
ance at various frequencies, at least four, in the 
range comprised between 1 kHz to 1 MHz, in which 
a first estimation is conducted of the ratio between 
the total water and the extracellular water volumes 
by means of the k quotient between the impedance 
module at low frequency Z(BF), placed between 1 
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kHz and 50 kHz. and the impedance module at high 
frequency Z(AF). placed between 100 kHz to 10 
MHz, said value k being independent from the con- 
ditions o1 the measurement contour, characterized 
in that an adjustment is made at the experimetal 
points by means of the least squares method, both 
at global and segmental level, by means of the fol- 
lowing electrical impedance expression (Z) based 
on the frequency (f); 



, f \1-a 



('■£) 



thus determining the values R^, Rq, tc and cx, which 
present the resistance at infinite frequency, the re- 
sistance at zero frequency, the frequency at which 
the maximum of lm(Z) occurrs and the dispersion 
of the cells of the biological system, respectively, 
with which the the following values are calculated: 

a) the ratio between the intracellular water and 
the extracellular water volumes, given by; 



b) the total water content of a segment 
(TBWgegj). given by: 



K 



seg,i TBWsegj Real 



segj 



and the content of a segment i in extracellular 
water (ECW^eg j) which is determined by: 



real[ZOOKHz)] 



H being the height of the body in cm, Kjbw 
a constant of proportionality for the total water 
(TBW) and K^^w ^ constant of proportionality 



for the extracellular water, Ko 



TBW seg.i 



the in- 



dependent term for segment i, Ko gcw segj- 
the extracellular water (ECW) for segment i, 
Lseg.i segj geometric terms to be de- 

termined for each segment i; corresponding the 
real value [Z (oo)] to the real value of an imped- 
ance over 100 kHz and below 1 MHz for seg- 
ment i, but preferably at R«>, and the real value 
[Z(1 0 kHz)] the real value of an impedance over 
1 0 kHz and below 50 kHz for segment i but pref- 
erably at Rq\ 

c) the content of segment I in intracellular water 
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which is determined by means of the subtrac- 
tion of ECW^eg.i from TBWgeg.i • 

d) the volume of total and extracellular water at 
global level which shall be determined by the 
sum of the respective values of segments i 

e) the content of the segmental or regional 
MMseg J and global lean mass by means of the 
equation 



MM, 



seg.i 



= Lean Mass = N M • ^^^^^j' 



Nand M being terms which are introduced from 
the lineal regression between the ratio: 



seg.i 



RelZM] 

and the value of the amount of lean mass meas- 
ured by means of an alternative method and 
which depend on the type of human race^ and 
^^^eq,seg/M ^ geometric parameter of segment i, 
obtaining the global value of the amount of lean 
mass from the sum of all the values MMg^g j and 
the global fatty mass from the difference be- 
tween the weight of the human body studied 
and the weight of the amount of gbbal lean mat- 
ter. 

Procedure according to claim 1. characterized in 
that the volumen of total and extracellular water at 
global level is determined using the RSI (right side 
impedance) as if it were a segment conveniently 
considering the specific parameters of the TBW and 
ECW formulas. 

Apparatus for measuring the electrical impedance 
at various frequencies for the embodiment of the 
procedure according to the previous clalnns. char- 
acterized in that it consists of a backplane (15) 
which interconnects: an electrical source (20); a sig- 
nal generator board (16) which generates at least 
two frequencies selected as well as reference sig- 
nals for the demodulation; a board for patient inter- 
face (17) which converts the tension signals gener- 
ated rilo current, a delecllon signal board (18) 
which is made up of a differential amplifier and a 
gain amplifier with selectable gains via software; an 
A/D obtention board (1 9) which Is provided with an 
A/D convertor of 16 bits for sampling for data obten- 
tion; the current source (20) being connected to the 
body under study by means of a multiplexor which 
permits any pair of electrodes to be connected to 
the said source, connecting each one of the elec- 
trodes to an in-put buffer, whilst each one of their 
out-puts is connected to a multiplexor circuit which 
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feeds a differenlial amplifier, by means of shielded 
coaxial cables; conducting the control of the system 
by means of a microcontroller. 

Apparatus according to claim 3, characterized in s 
that It is provided with an accelerometer which pro- 
vides the acceleration measurement to which the 
body has been subjected to, in asynchronized man- 
ner with the impedance measure. 
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FIG. 3 
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FIG. 6 
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(1 3) coming out from said electronic box (12) which are 
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